###### Strengths and limitations of this study

-   Used a representative survey about smoking and drinking conducted on a large sample of the adult population in England.

-   Based on the most up-to-date information in England on regional differences in smoking and high-risk drinking accounting for disparities in gender, socioeconomic status (SES), ethnicity and age.

-   Respondents may have underestimated or failed to report their drinking and smoking.

-   Patterns of smoking and alcohol use were only available at the Government Office Region level, whereas important variation may occur at a more micro-geographical level.

Introduction {#s1}
============

In England, around 20% of the population are smokers and 13% drink excessively.[@R1] These behaviours are leading risk factors for several non-communicable diseases, including cancer, diabetes and chronic respiratory and cardiovascular conditions.[@R2] It is estimated that around 8000 deaths/year are alcohol-related[@R5] and 80 000 deaths of adults aged 35 and over are attributed to smoking annually.[@R6] The prevalence and adverse effects of high-risk drinking and tobacco use are not equally distributed across the country, with large regional variations.[@R7] A North--South divide exists for smoking, with higher rates of tobacco use, smoking-related deaths and smoking-related harm in northern regions.[@R10] [@R11] In contrast, excessive alcohol consumption tends to be lowest in central and eastern regions, while an East versus West divide is seen in the prevalence of alcohol dependency and alcohol sales.[@R12] [@R13] These regional variations in consumption do not always map onto experienced harm, a phenomenon known as the Alcohol Harm Paradox.[@R14] In 2014, alcohol-related death rates were significantly higher among regions in the north of England compared with those in the south.[@R15]

The 2009 Commission on the Social Determinants of Health, set up by the World Health Organization (WHO) called for a greater understanding of what may account for these within-country inequalities and for the assessment of the full impact of the problem.[@R18] The UK government has also set performance targets for reducing geographical inequalities in health.[@R19] One proposed factor is disparities in sociodemographic profiles,[@R20] [@R21] with southern regions having smaller differences in sex ratios,[@R22] a larger proportion of residents in managerial and professional occupations,[@R22] [@R23] and an older population[@R24] than other regions; while the proportion of ethnic minority groups is greatest in the Midlands and London.[@R25] Rates of drinking above guideline levels have been shown to increase with age[@R26] and are lowest among more disadvantaged groups (ie, women, ethnic minorities and those of lower socioeconomic status (SES)).[@R27] In contrast, alcohol-related harm rises sharply with decreasing SES.[@R27] Self-reported cigarette smoking is greater among most ethnic minority groups (14% of the population), particularly those from Pakistani and Bangladeshi backgrounds, and peaks between the age of 24 and 34.[@R10] There is also a clear socioeconomic divide, with a higher prevalence of smoking among the most disadvantaged.[@R28] [@R29]

Only a handful of publications until now have looked at this level of granularity.[@R30] Data from the Health Survey for England showed the highest prevalence of 'binge drinking' in the North and lowest prevalence in the South West.[@R12] After adjustment for individual and area-based sociodemographic characteristics, prevalence was on average greater in the North East and North West, while London had the lowest rates of high-intensity drinking. The pattern is somewhat different for frequency of drinking, with those in Southern regions more likely to report that they drink on most days.[@R31] Data from the British Health and Lifestyle Survey noted that individual characteristics have an independent effect on neighbourhood variations in smoking but that significant between-ward differences in smoking behaviour remain which cannot be explained either by population composition or ward-level deprivation.[@R32] However, there are several issues with these previous studies. Some failed to adjust for the full range of sociodemographic variables which may explain, at least in part, regional variations (eg, ethnicity), while others failed to consider the moderation effects of these sociodemographic variables.[@R27]

Given these limitations, evidence for the temporal instability of regional variations,[@R12] and that the North--South divide may be increasing;[@R33] [@R34] there is a need for up-to-date prevalence statistics on regional variations in excessive alcohol consumption and smoking, adjusting for a range of sociodemographic characteristics. Thus, this paper aims to provide up-to-date prevalence statistics on smoking and high-risk alcohol use across different regions in England, and to assess whether sociodemographic composition (e.g., age, gender, ethnicity and SES) may account for any disparities. A secondary aim was to assess whether regional patterns were similar across sociodemographic subgroups by looking at moderation effects. Such findings could help to provide clues as to how best to address these behaviours at national and regional levels.

Data were used from the Alcohol Toolkit (ATS) and Smoking Toolkit (STS) studies,[@R35] [@R36] which are household population surveys of adults aged 16+. These surveys have advantages over other population surveys, including monthly data collection, speed of data release, use of a validated measure of alcohol consumption---Alcohol Use Disorders Identification Test (AUDIT)[@R37] [@R38]---and large sample size.[@R35] They also afford the ability, unlike previous studies, to make comparisons between smoking and alcohol use, given that the same participants complete both surveys.

Methodology {#s2}
===========

Design {#s2a}
------

Data were from the ATS and STS between March 2014 and October 2016. The ATS and STS involve monthly cross-sectional household computer-assisted interviews, conducted by Ipsos Mori, of ∼1700 adults aged 16+ in England. The baseline survey uses a type of random location sampling, which is a hybrid between random probability and simple quota sampling (see <http://www.smokinginengland.info> and <http://www.alcoholinengland.info> or the published protocols[@R35] [@R36] for more details).

Ethical approval {#s2b}
----------------

Ethical approval for the Smoking Toolkit Study (STS) was originally granted by the UCL Ethics Committee (ID 0498/001). Approval for the ATS was granted by the same committee as an extension of the STS. The data are not collected by UCL and are anonymised when received by UCL. Explicit verbal agreement and willingness to answer questions voluntarily is recorded electrically by Ipsos Mori, the company administering the survey. This is standard protocol and was agreed by the UCL ethics committee. Participants are also given a printed information sheet.

Study population {#s2c}
----------------

Data were collected on 53 922 adults aged 16 and over in England. [Table 1](#BMJOPEN2016014210TB1){ref-type="table"} shows the characteristics of participants overall and as a function of their smoking and high-risk drinking status. Five per cent (95% CI 4.2% to 5.9%) of participants resided in the North East, 13.3% (95% CI 12.5% to 14.1%) in the North West; 10.2% (95% CI 9.4% to 11.0%) in Yorkshire and the Humber, 8.7% (95% CI% 7.9 to 9.5%) in the East Midlands, 10.2% (95% CI 9.4% to 11.0%) in the West Midlands, 11.2% (95% CI 10.5% to 12.0%) in the East of England, 14.8% (95% CI 14.0% to 15.6%) in Greater London Authority, 16.2% (95% CI 15.5% to 17.0%) in the South East and 10.3% (95% CI 9.5% to 11.1%) in the South West.

###### 

Characteristics of participants overall and as a function of their smoking and high-risk drinking status

                                           Overall (n=53 922)   Smoker (n=9999)   Non-smoker (n=43 923)   High-risk drinker (n=7869)   Non-high-risk drinker and non-drinkers (n=46 053)                                                                  
  ---------------------------------------- -------------------- ----------------- ----------------------- ---------------------------- --------------------------------------------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------
  Female                                   51.1                 50.3              51.8                    51.8                         51.2                                                52.5   47.5   46.0   48.9   39.1   37.4   40.8   53.0   52.4   53.7
  Age                                                                                                                                                                                                                                                     
   16--24                                  14.3                 13.6              15.1                    18.1                         16.4                                                19.9   13.5   12.6   14.3   23.8   21.9   25.7   12.7   11.9   13.6
   25--34                                  16.7                 16.0              17.5                    22.0                         20.3                                                23.7   15.5   14.7   16.4   17.7   15.7   19.7   16.6   15.7   17.4
   35--44                                  16.7                 15.9              17.5                    18.7                         17.0                                                20.5   16.2   15.4   17.1   17.3   15.3   19.3   16.6   15.7   17.4
   45--54                                  17.4                 16.6              18.1                    18.3                         16.5                                                20.1   17.2   16.3   18.0   19.8   17.8   21.8   17.0   16.1   17.8
   55--64                                  14.0                 13.3              14.8                    12.6                         10.8                                                14.4   14.4   13.5   15.2   12.7   10.6   14.8   14.3   13.4   15.1
   65+                                     20.8                 20.1              21.6                    10.2                         8.4                                                 12.1   23.2   22.4   24.1   8.7    6.6    10.8   22.9   22.1   23.7
  Ethnicity                                                                                                                                                                                                                                               
   White                                   86.1                 85.8              86.4                    90.5                         89.8                                                91.1   85.1   84.8   85.5   96.3   95.9   96.8   84.4   84.0   84.7
   Mixed/multiple ethnic group             1.2                  0.4               2.0                     1.4                          0.0                                                 3.4    1.1    0.2    2.1    1.2    0.0    3.4    1.2    0.3    2.1
   Asian or British Asian                  8.1                  7.3               8.9                     4.8                          2.9                                                 6.7    8.9    8.0    9.8    0.9    0.00   3.1    9.3    8.5    10.2
   Black African/Caribbean/Black British   3.1                  2.2               3.9                     1.7                          0.0                                                 3.6    3.4    2.5    4.3    0.8    0.00   3.0    3.5    2.6    4.4
   Other ethnic group                      1.5                  0.7               2.3                     1.6                          0.0                                                 3.6    1.5    0.6    2.4    0.8    0.00   3.0    1.6    0.7    2.5
  Social grade                                                                                                                                                                                                                                            
   AB                                      26.6                 25.8              27.3                    14.0                         12.1                                                15.8   30.0   29.2   30.8   29.8   27.9   31.6   26.6   25.8   27.3
   C1                                      27.0                 26.2              27.8                    23.5                         21.8                                                25.2   28.3   27.5   29.1   30.0   28.2   31.9   27.0   26.2   27.8
   C2                                      22.0                 21.2              22.8                    26.4                         24.8                                                28.1   21.0   20.1   21.8   22.1   20.2   24.1   22.0   21.2   22.8
   D                                       15.8                 14.9              16.6                    20.8                         19.0                                                22.5   13.8   12.9   14.6   10.9   8.8    13.0   15.8   14.9   16.6
   E                                       8.7                  7.8               9.6                     15.3                         13.5                                                17.1   6.9    6.0    7.8    7.2    5.0    9.3    8.7    7.8    9.6
  Education                                                                                                                                                                                                                                               
   University education                    30.7                 30.0              31.4                    17.7                         15.9                                                19.5   33.7   32.9   34.4   32.0   30.1   33.8   30.5   29.7   31.2
   A-level and equivalent                  18.7                 17.9              19.4                    19.1                         17.3                                                20.9   18.6   17.7   19.4   26.3   24.4   28.2   17.4   16.6   18.2
   GCSE/vocational                         28.4                 27.7              29.1                    36.8                         35.3                                                38.4   26.5   25.6   27.3   27.9   26.0   29.7   28.5   27.7   29.2
   Other/still studying                    7.5                  6.7               8.3                     6.6                          4.7                                                 8.4    7.7    6.8    8.6    6.4    4.3    8.6    7.7    6.8    8.6
   None                                    14.7                 13.9              15.5                    19.8                         18.0                                                21.5   13.6   12.7   14.4   7.5    5.3    9.6    16.0   15.1   16.8
  Income                                                                                                                                                                                                                                                  
   £40 000+                                31.0                 30.3              31.8                    22.6                         20.9                                                24.4   33.0   32.1   33.8   18.1   18.1   18.1   29.6   28.7   30.4
   £17 500 to £3999                        32.5                 31.7              33.2                    31.5                         29.7                                                33.3   32.7   31.8   33.5   18.1   18.1   18.1   32.7   31.9   33.6
   £9500 to £17 499                        18.6                 17.8              19.3                    20.6                         18.8                                                22.5   18.1   17.2   19.0   18.1   18.1   18.1   19.5   18.6   20.3
   \<£11 499                               17.9                 17.2              18.7                    25.2                         23.4                                                27.0   16.3   15.4   17.2   18.1   18.1   18.1   18.3   17.4   19.1
  In full-time employment                  48.6                 47.9              49.3                    48.2                         46.8                                                49.6   47.3   46.6   48.0   40.9   39.2   42.6   48.6   47.9   49.3
  Composite SES score                                                                                                                                                                                                                                     
   1st quartile (high)                     29.9                 29.2              30.6                    16.1                         14.3                                                17.9   33.0   32.2   33.8   35.0   33.2   36.8   29.0   28.2   29.8
   2nd quartile                            24.2                 23.5              25.0                    22.1                         20.4                                                23.9   24.7   23.9   25.6   27.1   25.1   29.0   23.8   22.9   24.6
   3rd quartile                            24.6                 23.8              25.3                    29.4                         27.7                                                31.1   23.5   22.6   24.3   24.0   22.0   26.0   24.7   23.8   25.5
   4th quartile (low)                      21.3                 20.6              22.1                    32.3                         30.7                                                34.0   18.8   18.0   19.7   14.0   11.9   16.0   22.6   21.8   23.4

Measures {#s2d}
--------

Age, gender, Government Office Region (London, South East, South West, East Anglia, East Midlands, West Midlands, Yorkshire/Humberside, North West and North East), ethnicity and SES were measured by the ATS and STS.

Participants were grouped into five ethnic categories according to the question adopted by the 2011 England and Wales census:[@R39] White (White British, White Irish, White Gypsy/Traveller, White other); Mixed/Multiple ethnic group (Mixed White/Black Caribbean, White/Black African, White/Asian, White other); Asian or British Asian (Asian Indian, Asian Pakistani, Asian Bangladeshi, Asian Chinese, Asian other); Black African/Caribbean/Black British (Black African, Black Caribbean, Black other); Other ethnic group (Arab, other).

SES was measured using four measures detailed below: social grade, annual income, educational level and working status. These measures have all been associated with alcohol and smoking behaviour, and combined should reflect the multifaceted nature of SES.[@R27] Social grade: measured using the British National Readership Survey (NRS) Social-Grade Classification Tool:[@R40] A: higher managerial, administrative or professional; B: intermediate managerial, administrative or professional; C1: supervisory or clerical and junior managerial administrative or professional; C2: skilled manual workers; D: semiskilled and unskilled manual workers; E: causal or lowest grade workers, pensioners and others who depend on the welfare state for their income.Annual income: categorised into quartiles, with the cut-off of £11 499 being the closest equivalent to the UK definition of poverty of 60% of median national household income: £40 000+, £17 500 to £39 999, £11 500 to £17 499, \<£11 499, per annum.[@R41]Educational level: university education, A-level and equivalent, GCSE/vocational, other/still studying, none.Working status: full-time job versus no full-time job.

Smoking status in the STS was assessed by asking participants if they smoked cigarettes (daily or non-daily). High-risk (excessive) alcohol consumption was defined as a score of 8 or more (7 or more in women) on the full AUDIT.[@R42]

Analysis {#s3}
========

Data were analysed in R V.3.3.0 (R Development Core Team. R: a language and environment for statistical computing. R foundation for statistical computing, Vienna, Austria. 2008. <http://www.R-project.org>). The analysis plan was registered on the Open Science Framework prior to data analysis (<https://osf.io/nbtwu/>). Descriptive statistics were weighted for the STS and ATS using a rim (marginal) weighting technique. This involves an iterative sequence of weighting adjustments whereby separate nationally representative target profiles are set (for gender, working status, children in the household, age, social grade and region). This process is then repeated until all variables match the specified targets (for further details, see Fidler *et al*[@R36] and Beard *et al*[@R35]). Missing data for income (42.3%), education (0.5%), employment status (0.3%), Government Office Region (0.2%) and smoking status (0.1%) were imputed using the multiple imputation package Amelia 11.[@R45] Little\'s test suggested that income data may not have been missing at random.[@R46] The number of imputed data sets was set to 20[@R47] and results were combined using Rubin\'s rules.[@R46]

The prevalence of smoking and high-risk alcohol consumption was calculated overall and as a function of Government Office Region. Next, unadjusted weighted generalised linear models (with a log link and quasi-binomial distribution), using the Survey package,[@R48] were run to assess whether associations existed between Government Office Region and the outcomes of interest. Results of these main regression models were tabulated and displayed graphically following the conversion of relative risk to per cent relative risk difference using the formulas: (~+ve~RR−1)×100 and (1−RR~−ve~)×100. Given the nominal nature of Government Office Region, the reference category in the analyses was chosen to reflect the region with the median prevalence, that is, the South West.[@R49]

Owing to high multicollinearity between SES measures, a composite score was derived using multiple correspondence analysis (MCA) applied using the FactoMineR package.[@R50] Weights for the composite score comprised of those for the first three components.[@R51] Since the composite score violated the assumption of linearity of the logit, it was categorised into quartiles: \<7.8, \<10.8, \<14.1 and \<19.8. Higher composite scores equal greater social disadvantage. Age also violated the assumption and was categorised into 16--24, 25--34, 35--44, 45--54, 55--64, 65+. STROBE guidelines were followed throughout.[@R52]

Additional unplanned sensitivity analyses were run to assess the moderating effects of sociodemographic characteristics on the association between Government Office Region with smoking and high-risk drinking. Moderation was assessed by including an interaction term in the regression models between Government Office Region and each sociodemographic characteristic, adjusting for all other sociodemographic characteristics. Results are given in terms of percentage relative risk difference compared with the reference category (ie, the South West).

Results {#s4}
=======

Main results {#s4a}
------------

The prevalence of high-risk drinking was lowest in Greater London (9.0%), the East Midlands (10.3) and the West Midlands (8.7%), and highest in the North East (26.0%), North West (21.5%) and Yorkshire and the Humber (20.1%). There was also a clear North/South divide in smoking rates, with the highest prevalence in the North East (22.8%) and lowest prevalence in the South East (16.0%) (see [table 2](#BMJOPEN2016014210TB2){ref-type="table"}).

###### 

Prevalence of smokers and high-risk drinkers by Government Office Region

  Region                     Total n   Smoker (n=7509)   High-risk drinkers (n=7869)                        
  -------------------------- --------- ----------------- ----------------------------- ------ ------ ------ ------
  North East                 2730      22.8              19.5                          26.7   26.0   22.8   29.2
  North West                 7174      21.9              19.9                          24.6   21.5   19.5   23.6
  Yorkshire and the Humber   5495      21.5              19.1                          25.0   20.1   17.7   22.5
  East Midlands              4685      19.3              16.7                          23.5   10.3   7.5    13.0
  West Midlands              5483      17.8              15.4                          19.9   8.7    6.2    11.2
  East of England            6066      16.5              14.2                          19.0   10.8   8.4    13.2
  Greater London Authority   7994      16.4              14.4                          19.0   9.0    6.9    11.1
  South East                 8748      16.0              14.1                          17.9   15.7   13.8   17.7
  South West                 5547      18.7              16.3                          21.0   14.5   12.1   17.0
  Overall                    53 922    18.5              17.8                          19.3   14.6   13.8   15.4

Before adjustment, the regression analyses suggested that those in the North of England (North East, North West and Yorkshire and the Humber) had a greater risk of being a smoker compared with those in the South West, while those from the East of England, South East and Greater London Authority had a lower risk. No difference was found in the East and West Midlands ([table 3](#BMJOPEN2016014210TB3){ref-type="table"} and [figure 1](#BMJOPEN2016014210F1){ref-type="fig"}A). After adjustment, the higher risk in the North of England dissipated; while the East Midlands, West Midlands, East of England, South East and Greater London showed a lower risk of smoking compared with the South West ([table 3](#BMJOPEN2016014210TB3){ref-type="table"} and [figure 1](#BMJOPEN2016014210F1){ref-type="fig"}B).

###### 

Association between Government Office Region with smoking and high-risk drinking status

                                           Smoker (n=7509)   High-risk drinkers (n=7869)                                                                                    
  ---------------------------------------- ----------------- ----------------------------- ------ ------------ ------ ------ ------------ ------ ------ ------------ ------ ------
  Government office region                                                                                                                                                  
   North East                              1.22\*\*\*        1.10                          1.34   0.97         0.88   1.06   1.79\*\*\*   1.62   1.99   1.67\*\*\*   1.51   1.86
   North West                              1.17\*\*\*        1.08                          1.26   0.98         0.91   1.06   1.48\*\*\*   1.36   1.62   1.42\*\*\*   1.29   1.55
   Yorkshire and the Humber                1.15\*\*\*        1.06                          1.24   1.03         0.95   1.11   1.38\*\*\*   1.26   1.52   1.35\*\*\*   1.22   1.48
   East Midlands                           1.03              0.94                          1.13   0.86\*\*\*   0.79   0.94   0.71\*\*\*   0.63   0.80   0.69\*\*\*   0.61   0.78
   West Midlands                           0.95              0.88                          1.04   0.91\*       0.84   0.99   0.60\*\*\*   0.53   0.67   0.77\*\*\*   0.69   0.87
   East of England                         0.88\*\*          0.80                          0.97   0.86\*\*\*   0.79   0.94   0.74\*\*\*   0.66   0.83   0.72\*\*\*   0.64   0.81
   Greater London Authority                0.87\*\*\*        0.81                          0.95   0.85\*\*\*   0.79   0.92   0.62\*\*\*   0.56   0.69   0.71\*\*\*   0.64   0.79
   South East                              0.85\*\*\*        0.78                          0.93   0.92\*       0.84   1.00   1.08         0.98   1.20   1.10         1.00   1.22
   South West (reference)                                                                                                                                                   
  Gender                                                                                                                                                                    
   Male (reference)                                                                                                                                                         
   Female                                                                                         0.86         0.83   0.89                              0.64\*\*\*   0.62   0.68
  Age                                                                                                                                                                       
   16--24 (reference)                                                                                                                                                       
   25--34                                                                                         1.20\*\*\*   1.13   1.27                              0.68\*\*\*   0.64   0.73
   35--44                                                                                         1.09\*\*     1.03   1.16                              0.62\*\*\*   0.58   0.67
   45--54                                                                                         0.95         0.89   1.00                              0.61\*\*\*   0.57   0.66
   55--64                                                                                         0.74\*\*\*   0.69   0.78                              0.49\*\*\*   0.46   0.53
   65+                                                                                            0.34\*\*\*   0.32   0.36                              0.24\*\*\*   0.22   0.26
  Ethnicity                                                                                                                                                                 
   White (reference)                                                                                                                                                        
   Mixed/multiple ethnic group                                                                    0.96         0.83   1.11                              0.87         0.73   1.04
   Asian or British Asian                                                                         0.41\*\*\*   0.38   0.45                              0.08\*\*\*   0.07   0.11
   Black African/Caribbean/Black British                                                          0.40\*\*\*   0.35   0.46                              0.25\*\*\*   0.20   0.32
   Other ethnic group                                                                             0.80\*\*     0.69   0.92                              0.42\*\*\*   0.31   0.57
  Composite SES score                                                                                                                                                       
   1st quartile (high) (reference)                                                                                                                                          
   2nd quartile                                                                                   1.57\*\*\*   1.45   1.69                              0.95         0.89   1.02
   3rd quartile                                                                                   2.16\*\*\*   2.01   2.32                              0.86\*\*\*   0.81   0.92
   4th quartile (low)                                                                             3.13\*\*\*   2.92   3.35                              0.69\*\*\*   0.64   0.75

\*\*\*Significant at p\<0.001; \*\*significant at p\<0.01; \*significant at p\<0.05.
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Before adjustment, those in the North of England had a greater risk of reporting being a high-risk drinker, while those in all other regions, except the South East of England, had a lower risk compared with the South West ([table 3](#BMJOPEN2016014210TB3){ref-type="table"} and [figure 2](#BMJOPEN2016014210F2){ref-type="fig"}A). After adjustment, a similar pattern was found ([table 3](#BMJOPEN2016014210TB3){ref-type="table"} and [figure 2](#BMJOPEN2016014210F2){ref-type="fig"}B).

![Association between Government Office Region and high-risk drinking: (A) unadjusted; (B) adjusted for gender, age, ethnicity and socioeconomic status (reference region: South West). Note: this shows the relative risk difference for each region relative to the South West (dotted reference region). Increasing red tones reflect increasingly higher significant risk and increasing blue tones reflect increasingly lower significant risk. Regions shaded white have a similar risk to the South West. Online [supplementary figure S9](#SM1){ref-type="supplementary-material"} labels the Government Office Regions in England.](bmjopen2016014210f02){#BMJOPEN2016014210F2}

Supplementary analyses {#s4b}
----------------------

Online [supplementary figures S1--S8](#SM1){ref-type="supplementary-material"} show the moderation effects of sociodemographic characteristics on the association between Government Office Region with smoking and high-risk drinking. Significant interaction effects were found for all sociodemographic characteristics. Lower prevalence of smoking in the West Midlands and Greater London Authority compared with the South West was the only event among men (p\<0.05), while the relative risk difference of excessive alcohol consumption was significantly larger among men in the North West than women (p\<0.05). There appeared to be a trend towards increasing risk of smoking and high-risk drinking with age in the North of England compared with the reference region (p\<0.05), with relative risk differences being highest for smoking among those aged 55+ years of age. In the East Midlands and Greater London Authority, smoking and alcohol consumption rates were only significantly lower than the South West among 16--24-year-olds, with older age groups having a significantly higher risk of both behaviours (p\<0.05). In the South East, the prevalence of high-risk drinking relative to the South West increased exponentially with age.

Whereas those of higher SES had a greater risk of smoking in the North West and a similar risk of smoking in Greater London Authority relative to the South West, those of lower SES in these regions had a significantly lower risk of smoking (p\<0.05). There was also a significant trend towards an increased likelihood of high-risk drinking in Greater London Authority with increasing social grade (p\<0.05). In general, those of white ethnicity appeared to have a similar risk of smoking across regions, a higher risk of high-risk drinking in Northern regions, and a lower risk of high-risk drinking in Southern regions, compared with the South West (p\<0.05). Risk of both behaviours was lower among most ethnic minority groups (p\<0.05).

Discussion {#s5}
==========

This study assessed the association between Government Office Region with smoking and alcohol in a large population survey in England. In unadjusted analyses, there was a clear North--South divide in smoking, while high-risk alcohol consumption was common in the North and less common in 'central England'. The regional differences in the North for smoking but not high-risk drinking appeared to be explained somewhat by sociodemographic disparities. After adjustment, the lower rates of smoking and high-risk drinking in the East of England and Greater London Authority remained. Moderation analyses indicated that the higher risk of smoking in the North West compared with the South West was largely driven by those of an older age and higher SES, while higher prevalence of excessive drinking in Northern regions was driven by older men of white ethnicity. The lower risk of both behaviours in Southern regions and the Midlands appeared to stem from ethnic minority groups and those of a younger age. In London, the lower prevalence relative to the South West also appeared to be driven partly by men of a lower SES. The finding in the unadjusted analyses of a North--South divide in smoking is largely consistent with the findings from other surveys. For example, the Integrated Household Survey in 2014[@R10] noted a prevalence of 17.3% in London, 17.2% in the South East and 17.3% in the South West. This was significantly lower than the 22.3% in the North East, 20.1% in the North West and 20.3% in Yorkshire and The Humber. Previous population surveys have also similarly established a higher prevalence of high-risk drinking in northern regions and lower prevalence in 'central England'. The Adult Psychiatric Morbidity Survey in 2016 reported that the proportion of individuals drinking excessively (AUDIT score \>8) was between 22% and 25% in Northern regions, dropping to 18% in the East Midlands and 19% in the West Midlands.[@R53] The findings are less consistent for the South of England, with sales data and the Health Survey for England finding a higher than average consumption rate in the South West,[@R13] [@R30] while other surveys report consumption estimates for this region which are about the same, or slightly lower than the national average.[@R12] [@R54] Although it is difficult to attribute these discrepancies to any single factor, tourism and differences in survey design may play a role.[@R13]

This study builds on previous findings by suggesting that some of the regional variations in smoking, particularly the presence of a North/South divide, can be explained by sociodemographic characteristics. In contrast, variations in high-risk drinking could not be wholly attributed to sociodemographic differences between regions. This suggests a need to identify other contributing factors. One possible factor is local-level differences in policies and disparities in the distribution of public healthcare facilities. For example, since the move of commissioning of Stop Smoking Services and Alcohol Services to local authorities in 2013, a fragmented system of support exists across England.[@R55] The divide in England could also be a residual effect of the historically greater use of tobacco in the North during the early 1900s due to the dominance of tobacco manufacturing in these regions.[@R56] Social and psychological factors offer another source of variation, and include cultural differences, attitudes and beliefs towards drinking, levels of integration in communities and political orientation.[@R57] [@R58] Environmental factors should also be considered, such as loss of infrastructure and urban decline in northern England.[@R59]

The moderation analysis indicates whether particular sociodemographic characteristics were differentially associated with the behaviours across the different regions. Higher prevalence of smoking and high-risk drinking in Northern regions was most evident in older white men of a higher SES compared with their counterparts in the South West, while the lower prevalence in the South and Midlands was most evident among younger ethnic minority groups compared with their counterparts in other regions of the country. These within sociodemographic category differential risks across regions are most likely explained in part by the factors noted above, including variations in beliefs, views and cultural attitudes towards smoking and drinking.[@R60] [@R61] For example, men residing in Northern regions are more likely to support the traditional 'strong masculine breadwinner' stereotype, which is associated with increased use of tobacco products,[@R58] [@R62] while differences within ethnic minority subgroups may reflect levels of integration and whether they are first, second or third-generation immigrants.[@R63] An additional finding of interest was the non-linear monotonic associations between the two health behaviours and the sociodemographic characteristics. For example, the relative risk difference in Greater London Authority of smoking decreased exponentially with SES and peaked among those aged 55--64 before declining again. This is consistent with previous studies suggesting that alcohol-related and smoking-related harm are concentrated disproportionately in the most socially deprived.[@R11] [@R27]

These findings have several implications for policymakers and researchers. They suggest that high-risk drinking spans the spectrum of sociodemographic groups. This may reflect in part the Alcohol Harm Paradox, with higher consumption rates among the more affluent in society but greater experienced harm among the most socially disadvantaged.[@R14] In contrast, the result that regional differences in smoking appear to be driven by sociodemographic variation implies that tackling the most at-risk subgroups across the country may reduce variation in smoking rates. Policies of allocating a greater proportion of health resources to poorer areas have been shown to be associated with declining inequalities in mortality,[@R64] while decreases in unemployment in deprived areas prior to the economic crisis in 2008 were associated with reductions in inequalities in male life expectancy between areas.[@R65]

The capacity of the UK government to address regional imbalances has been limited somewhat by the dismantling of regional administrative structures in recent years, including Government Offices, Regional Development Agencies and Strategic Health Authorities.[@R60] This has resulted in a fragmented system of support for smokers and dependent drinkers. Although Stop Smoking Services are one of the most cost-effective life preserving services offered by local authorities, and local-level intensive alcohol licensing policies (known as Cumulative Impact Zones) have been shown to result in declines in rates of violent crimes, sexual crimes and public order offences, substantial variation exists across England in terms of their effectiveness and scale of implementation.[@R55] [@R66]

Regional variations are also likely to be exacerbated over the coming years if radical changes in strategy do not occur. The current economic strategy of the Government has focused on Greater London Authority and the South West, despite the 2008 economic crisis affecting the North of England disproportionately,[@R69] and has resulted in a number of reforms to the welfare system which are increasing the economic divide.[@R34]

This study benefits from the use of a representative survey about smoking and drinking conducted on a large sample of the adult population in England. To the best of our knowledge, this paper provides the most up-to-date information on regional differences in smoking and high-risk drinking accounting for disparities in gender, SES, ethnicity and age. A strength of this study is the use of AUDIT to categorise high-risk drinkers, as it incorporates consumption, harm and possible dependence measures. However, as with other population-based studies, a number of limitations need to be considered. While the sample was designed to be representative, there is a risk of bias in terms of the characteristics of those who agree to participate. There is also a risk that respondents may underestimate or fail to report their drinking and smoking. Large amounts of data were missing for income, which may have affected the quality of adjustment for SES, although we have shown previously that derived composite measures have good reliability due to their recognition of the multifaceted nature of SES.[@R27] There are also limitations with the use of AUDIT, including the need to retrospectively recall average intake in the past and self-reported harm in the form of injuries and other concerns. Nonetheless, a strong association has been found between self-reported high-risk drinking using the AUDIT and alcohol-related illness, social problems, hospital admission and mortality.[@R70] This paper also only considered patterns of smoking and alcohol use at the Government Office Region level, an approach taken by other population surveys (eg, the Health Survey for England and Integrated Household Survey) due to the historical link until April 2013 with strategic health authorities. This ensured enough power to be able to assess the impact of sociodemographic characteristics on regional variations. Since April 2013, commissioning of stop smoking and alcohol services has been moved to local authority control. Thus, future studies may wish to consider variations as this more micro-geographical level.[@R71] Additionally, this paper was only interested in the prevalence of smoking and high-risk drinking. It would be of interest to consider regional variations in key-related behaviours such as the number of cigarettes smoked per day, binge drinking and attempts to quit or cut down on smoking and alcohol intake. For example, previous studies suggest that regional variations differ according to the measure of alcohol consumption used (eg, volume vs frequency).[@R31] Finally, although these findings relate to England specifically, which has the largest difference in economic output between regions of any country in Europe, it is most likely that comparable variation would be found in other countries.[@R34]

In conclusion, smoking and high-risk drinking appear to be less common in 'central England' than in the rest of the country. Regional differences in smoking, but not those in high-risk drinking, are explained to some extent by sociodemographic disparities. These findings have a number of implications for policymakers and researchers, including the need to determine what other factors may account for regional variations in high-risk drinking.
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